The tammar wallaby, Macropus eugenii, has a ruminant-like digestive system which may make a significant concentration of amino acids and fatty acids available to the blastocyst via uterine fluids. Fluorescent and radioisotope analyses were performed to determine the rate of glutamine and palmitate use by blastocysts recovered on day 0, 3, 4,5 and 10 after reactivation induced by removal of pouch young (RPY). Between day 0 and 4 glutamine uptake increased from 15.6 \m=+-\6.6 to 36.1 \m=+-\2.7 pmol per embryo h\m=-\1 (P < 0.01) and ammonium production increased from 8.2 \ m=+-\ 4.3 to 26.6 \ m=+-\ 3.0 pmol per embryo h\ m=-\ 1 (P < 0.01). Glutamine oxidation did not increase until day 10 after RPY (P < 0.01), but the percentage of glutamine oxidized increased from 4.5 \ m=+-\ 3.1% during diapause to 31.2 \ m=+-\ 12.6% (P < 0.01) by day 5 after RPY and increased further to 51.0 \ m= + -\ 15.8% (P < 0.01) by day 10 after RPY. Palmitate oxidation also increased from 0.3 \ m=+-\ 0.1 by day 0 blastocysts to 3.8 \ m=+-\ 1.7 pmol per embryo h\m=-\1 (P < 0.01) by day 4 blastocysts. This increase provides a greater potential for ATP production, possibly to supply increased demand due to the coincident resumption of mitoses. The ATP:ADP ratio within blastocysts had reduced by the time of the first measurement at day 3 (0.5 \m=+-\0.2 pmol per embryo h\ m=-\ 1; P < 0.01) compared with day 0 blastocysts (1.4 \ m=+-\0.3 pmol per embryo h\ m=-\ 1). It is likely that metabolism of amino acids and fatty acids contributes to the energy supply during reactivation of tammar wallaby blastocysts after embryonic diapause.
Introduction
The tammar wallaby (Macropus eugenii) is one of many mammals that have embryonic diapause (Renfree and Calaby, 1981) . In tammars, diapause is controlled by the sucking stimulus of the pouch young from the previous birth. During the first 10 days after removal of pouch young (RPY) there is a 45-fold increase in volume of the blastocoel (Tyndale-Biscoe and Renfree, 1987) . However, this is nearly a week after initial signs of blastocyst reactivation such as resumption of mitosis (day 4; Berger, 1970) , progesterone pulse associated with pregnancy maintenance (day 5; Fletcher et. al. 1988) , and the time of irreversible blastocyst reactivation (day 3; Gordon et al, 1988) . Blastocyst glucose metabolism has been shown to change at about day 5 after RPY, while endometrial metabolism is not significantly different from quiescent tissues until 10 days after RPY (Spindler et. al, 1998) . The metabolism of these maternal tissues did not provide additional answers to the timing of reactivation of the tammar reproductive system as significant changes were not detected until after changes in blastocyst activity. However, endometrial metabolism was significantly related to metabolic activity of the blastocyst, and is essential for recognizing blastocysts recovered from animals of advanced or delayed reactivation (Spindler et al, 1998 (Fridhandler, 1961; Biggers and Stern, 1973; Benos and Balaban, 1980; Pike, 1981; Rieger et al, 1987; Wales and Du, 1994) . Blastocysts of monogastric animals, such as rabbits and horses, oxidize glucose (Fridhandler, 1961; Rieger et al, 1987) but the embryos of ruminant mammals like sheep and cattle have limited capacity to oxidize glucose (Thompson et al., 1991; Rieger et al, 1992a; Gardner et al, 1993) . These embryos may therefore oxidize energy sources other than, or in addition to, carbohydrates (Rieger and Guay, 1988;  The digestion of cellulose by rumination results in higher concentrations of amino and fatty acids in maternal circulation compared with those of non-ruminants. The anatomy of the macropodid digestive system is similar to that of ruminants, particularly in the complexity of the stomach and the simplicity of caecum and colon (Home, 1814; Owen, 1834) . Macropodids also have a 'ruminant-like' digestive physiology (Waring et al, 1966; Hume, 1982) . In one macropodid, the quokka (Setonix brachyurus), the microorganisms that participate in cellulose digestion produce volatile fatty acids that are similar to those in sheep and cows (Moir et al, 1956) . Foregut fermenters such as kangaroos, wallabies and true ruminants have 'nutrient advantages' in that food can be regurgitated and remasticated (Hume, 1982) . Fermentation products (fatty acids, ammonium and gases) pass through the entire gut for further absorption and digestion, and urea nitrogen can be recycled rather than lost by excretion. The tammar has the ruminant-like strategy of urea cycling (Kinnear and Main, 1975 (Brown, 1959) . Both strategies allow the production of amino acids, independent of the nutrient value of their food. The yolk sac fluid of tammar embryos and fetuses contains amino acids in greater concentrations than in maternal sera, indicating selective transfer of amino acids through the yolksac placenta (Renfree, 1970; 1973 (Deighton and Hider, 1989) , an organic osmolyte (Chatot et al, 1990; Lawitts and Biggers, 1992, Biggers et al, 1993) , or a protein and nucleic acid precursor, and possibly a buffer against changes in intracellular pH (Bavister and McKiernan, 1993) . Glutamine is taken up and used as an energy source by mouse, pig, sheep, cattle and hamster embryos (Rieger and Guay, 1988; Gardner et al, 1989; Chatot et al, 1990; Petters et al, 1990; McKiernan et al, 1991; Tiffin, et al, 1991, Lewis and Kaye, 1992; Rieger, 1992; Bavister and McKiernan, 1993; Hewitson, 1993; Du and Wales, 1993; Wales and Du, 1994; Jamshidi and Kaye, 1995) . Glutamine also enhances development of both hamster (Carney and Bavister, 1987) May. A total of 50 blastocysts were recovered from 58 females. Females were killed by cervical dislocation, and blastocysts flushed immediately post mortem from the uterus using 2 ml of phosphate buffered saline at 37°C supplemented with 1 mmol glutamine l-1,1 mmol palmitate I-1 as sole substrates and 2 mg BSA ml-1 (Bayer Diagnostics, Melbourne) at days 0,3,4, 5,6 and 10 after RPY. The medium containing embryos was maintained at 37°C throughout handling, and embryos were transferred using pulled glass pipettes the internal diameter of which was only slightly larger than the blastocyst. The diameter of each tammar trophoblast was measured with an eyepiece graticule, calibrated with a slide micrometer and the surface area calculated using the formula for surface area of a sphere. Glutamine and palmitate metabolism by one group of blastocysts (days 0, 3, 4, 5, 10) was then analysed using a combination of fluorescent (glutamine) and radio-isotope (glutamine and palmitate) techniques, while the number of cells was determined using the remaining blastocysts (days Three tubes contain the trap and incubation media mixed together (total label present). After 3 h, 1 ml of the NaHCO, was removed and added to 10 ml scintillation fluid and counted in a ß-counter with a dual label programme especially developed for 3H/14C counting. After counting, the individual blastocyst results were corrected for non¬ specific activity (blank) Uptake of glutamine and production of ammonium by individual blastocysts were determined by microfluorescence as described by Leese and Barton (1984 (Fig. 1) . The average number of cells and mitoses lr1 (mitotic index) were then calculated.
Statistical analysis
All data were naturally log transformed to reduce inequality of variance (heteroscedasticity). Statistical outliers were identified by box-plot analysis, and removed from further analysis. Differences between and within days were subsequently analysed using analysis of variance. Differences between means were analysed using the Dunnett test for multiple pairwise comparisons (Miller, 1981) .
Results
The average surface area of the blastocysts studied here did not differ significantly from that of day 0 blastocysts (0.14 ± 0.02 mm2) until 7 days after RPY (0.49 ± 0.06 mm2) and increased further by day 10 (3.62 ± 1.25 mm2). This pattern is similar to that reported by Spindler et al (1995) . Glutamine uptake and ammonium production by blastocysts were significantly greater on day 4 after RPY than on day 0 and had increased further by day 10 (Table 1) . However, the rate of glutamine oxidation did not differ from blastocysts in diapause (3.5 ± 3.2 pmol per embryo h_1) until day 10 after RPY (22.0 ± 4.5 pmol per embryo h1; < 0.01). The percentage of glutamine taken up by blastocysts that was oxidized was significantly different from that of quiescent blastocysts (4.5 ± 3.1%) by day 5 after RPY (31.2 ± 12.6%; < 0.01), and increased to 51.0 ± 15.8% (P < 0.01) by day 10 after RPY (Table 1) . (Fig. 2) , blastocysts recovered on day 4 oxidized palmitate at a significantly greater rate than did day 0 blastocysts (P < 0.01) and blastocysts recovered on day 10 after RPY oxidized most palmitate (Fig. 2) The ATP:ADP ratio within blastocysts was reduced by the first measurement at day 3 (0.5 ± 0.25) compared with day 0 blastocysts (1.46 ± 0.38), and remained low throughout the period studied (Fig. 3) . The reduction in the ATP:ADP ratio was due to both reduced ATP (day 0: 0.94 ± 0.18 pmol per embryo; day 10: 0.11 ± 0.02 pmol per embryo) and increased ADP (day 0: 0.57 ± 0.26 pmol per embryo; day 10:1.54 ± 0.08 pmol per embryo). The maximum rate of ATP production was calculated from the rate of uptake and oxidation of glutamine and the oxidation of palmitate and was significantly higher than in day 0 blastocysts by day 4 after RPY, and increased further by day 10 after RPY ( Table 2 ). The increase in palmitate oxidation and the increase in glutamine blastocysts at all stages studied. Two of the major products of glutamine metabolism are ammonium and glutamate (Newsholme et al, 1985) . Nearly all of the glutamine taken up by blastocysts recovered at all stages after RPY was deaminated to glutamate, as indicated by the high ammonium production from glutamine uptake. 
